Introduction Elected officials and practitioners generally believe that -along with gains in time, environment, and roadway safety -the local economic impacts brought by high-speed railways (HSR) could be a major ingredient in socioeconomic appraisals. However, academic studies have shown mixed results. Methods This article reviews the various channels through which HSR may impact the local economies. We break down the economic effects by stages of the projects' lifetime and we question the existence of these impacts with an eye towards empirical evidence from the abundant academic and Bgreyl iterature. Results Outside the Bconstruction effects^, that constitute a broad consensus, studies find both the existence and the absence of impacts of HSR, whether these are shortterm effects on local productivity and the geography of consumption (through tourism or extended stays) or long-term effects on the relocation of businesses and households and ultimately local growth patterns. Results show great variability as economic effects are conditional upon a set of other factors such as city size, industry structures, amenities, and distance from the urban core.
Introduction
Since the first Shinkansen (Bbullet train^) was introduced in Japan in 1964, high-speed trains such as the TGV have been an undeniable technological, commercial, and popular success. As seen in Table 1 , many countries have invested in what has become a vast network of high-speed rail (HSR) lines, on which trains can run, in best cases, at speeds up to 350 km/h. In 2016, there was about 35,000 km of HSR line running worldwide, to which approximately 23,000 km is projected to be added.
These statistics do not show, however, how differently each HSR network functions [5, 97] . For example, in Japan, the bullet trains run on dedicated tracks, while in France, the interoperability system requires that the TGV be able to run on conventional tracks, and in Spain, some standard trains can use HSR lines. 2 The motivations behind the investment in these rail systems can also differ 3 : the initial motivation was to reduce fossil fuel dependency and drive an export-oriented industrial policy; this was followed by a need to alleviate congestion in transport hubs and finally environmental concerns related to fighting climate change. 4 Despite these differences, a striking similarity is the enthusiasm of local elected officials, who are eager to join the HSR Bclub^, believing that being connected to HSR brings about economic growth. However, academic studies have shown mixed results in terms of the benefits HSR can bring to a region. While certain economic effects of having a HSR connection have been clearly identified and are subject to little criticism, other supposed benefits have been contested in terms of their size, their duration, and whether they occur automatically [23, 56, 87, 113, 115] . 5 This ambivalence is obviously an issue. On the one hand, researchers and practitioners have found that along with gains in time, environment, and roadway safety, the economic impact of HSR lines could be an important factor in cost-benefit analyses recommending that projects be financed [97, 112] . On the other hand, it has been shown that investment in HSR has diminishing financial and social returns [3, 18] , suggesting that these rail networks have an optimal size that should not be exceeded. When these two considerations are combined, it becomes clear that identifying and measuring the local economic impact of HSR service is essential from an operational, political, and academic standpoint.
The objective of this article is to take stock of the state of the literature on the local economic impacts of HSR service. We will break down the effects by stages of HSR, given the growing doubts about the existence of these impacts. This review will question the existence of the economic impact with an eye towards empirical evidence from the abundant academic and Bgrey^liter-ature on the subject. Public policy evaluations, including those on investment in HSR, are especially focused on demonstrating economic effects and are thus based on information that is gathered and interpreted specifically for making policy decisions. This approach tends to put data collection and analysis ahead of research design or creating a theoretical construct of the subject being studied and thus often neglects the theoretical dimension. However, theoretical constructs can counteract 2 These differences have created some challenges in creating international HSR lines, as is the case in Europe 3 For simplicity, we use the terms BHSR^and Bhigh-speed trains^inter-changeably in this article. 4 Besides these motivations, the placement of HSR lines can also be set through political deals. See Albalate et al. [4] and Castells and Sole-Olle [26] on how this worked in Spain. Even if less documented, the lobbying activities of the construction industry may be at stake equally. 5 Besides these references, see also the special issue (n°22) of Journal of Transport Geography, published in 2012. determinism through a thorough description of the mechanisms through which effects are produced. With no claim to be exhaustive, 6 this article presents the principal theoretical mechanisms through which infrastructure might affect regional economic dynamics and identifies certain challenges inherent in studying the local economic impact of HSR service. The major interest of this paper is to introduce a new way of considering the so-called Bwider economic effects^of HSR services [47, 61, 113, 115] . These effects are those not captured in standard cost-benefit analysis, including effects relating to agglomeration, market power, as well as firms' and households' behavioural adaptations. Many researches have focused on the productivity gains due to changes in economic activities' spatial patterns. The article wants to highlight the interest to also analyze changes in local demand and develops the most recent theoretical background to do so. In particular, we show that new HSR services are likely to affect the composition of the local income which, in turn, may have cumulative multiplier effects for the local economy.
This analysis is structured according to the stages of a HSR project, beginning with the launch of construction work. As explained in section 2, most agree that construction sites are the source of the primary local economic impact of HSR. Once the HSR line is in service, time-space shrinking [105] can create short-term economic effects. 7 Assuming that the location of households and businesses remains stable, HSR can affect the regional means of production through various mechanisms (described in section 3), the identification and measurement of which has been the subject of debate. Aside from any potential effects on local supply, HSR service can also affect individual consumption patterns for goods and services. While the supply-demand dichotomy is simplistic and can overshadow other interdependencies at work, it is possible that HSR service can also have a short-term demand-side effect on local economies (as seen in section 4). Depending on the existence and magnitude of these two types of effects, HSR can change the relative attractiveness of a region in the medium to long term. Transport infrastructure can thus shape local economic development by driving businesses and households to relocate, with various and uncertain effects on the direction of growth (section 5). The conclusion summarizes the various findings of this article.
Construction effects
Economists are unanimous in recognizing that public investments are an essential component of effective demand [1] , i.e. the anticipated demand entrepreneurs base their production decisions on. In an underemployment equilibrium, Keynesian theory prescribes an increase in public spending to keep economic activity at an acceptable level. These considerations have been central to countercyclical economic policy, from the New Deal to the Obama administration's 2008 economic recovery plan and the Juncker plan in Europe (2013). Given its importance in total state spending [103] and proven macroeconomic effects [21] , transportation infrastructure, particularly HSR, has a preferred place in stimulus policies. 8 Spending dedicated to new transportation services 9 has thus been the object of several studies aiming to quantify job and wealth creation linked to infrastructure construction projects [34, 76, 86, 121] . The direct impact of HSR is generally an integral part of official socioeconomic impact studies, although each country has its own conditions for advancing with such projects. Since transportation projects occur within a circumscribed area, studies estimating construction effects are often based on two different theoretical models: the input-output model and economic base analysis 10 [65, 72, 82, 95, 104, 106] . Based on Keynesian theory, economic base analysis stipulates that the development of cities or regions is essentially driven by exogenous variables over which they have no influence. Initially focused on export activities (for a Brenewed^framework, see section 4), this theory demonstrates that the wealth earned outside the region under study (basic activities) stimulates the rest of the local economy (non-basic activities) with cumulative effects that are proportional to the magnitude of the multiplier. Since the majority of financing for HSR projects comes from national governments through a system of fiscal equalization among regions, investment spending can be seen as coming from a source other than the local economy and thus similar to revenue from basic activities.
To evaluate the magnitude of the construction effects of a new HSR line, the standard procedure is to identify direct spending (e.g., the workforce necessary for grading or contracts with the main subcontractors), indirect spending (products and services ordered from local suppliers by the workforce and subcontractors), and induced spending. As such, every euro spent on a HSR project will create further 6 For a detailed presentation of the theoretical interactions between transportation infrastructure and local development, see Venables [114] , Proost and Thisse [92] , and Lafourcade and Thisse [73] . For an exhaustive review of the literature on HSR, see Vickerman and Ulied [115] , Givoni [56] , Albalate and Bel [5] and Ollivier et al. [88] . 7 In this research, we consider the Bshort-term^to range from 0 to 5 years after the HSR opening, the Bmedium-term^, from 5 to 10 years and the Blong-termf or later periods. Whilst being discretionary, this definition assumes that firms and households' locations are fixed in the short-term. 8 While Obama's plan explicitly contained an ambitious investment program in HSR, the Juncker plan favours national policies in this sector, which limits the financing of international projects aiming to connect various EU member states by HSR. 9 De Rus et al. [97] estimate that one kilometre of HSR requires an average investment of 17.5 million Euros, not counting rolling stock. 10 If they are correctly specified mathematically, the input-output and economic base models are equivalent [95] .
consumer spending in sectors more or less related to construction. The impact of these various expenditures is a function of the propensity to consume wealth locally. The effects of the initial investment can vary by local economy depending on whether the construction workers live near the worksite or commute and thus spend only a small fraction of their wages in the region. The effect will also vary depending on whether the construction materials come from local subcontractors or are imported from other areas. To the extent that the Keynesian multiplier, in the form of production, value added, or job creation, is the inverse function of the propensity to consume locally, the magnitude of these Bdrains^moderates that of the construction effect. The empirical implementation of these models requires knowledge of the volume and composition of the funds invested in constructing HSR lines as well as the inter-industry flows, ideally on a fine-grained spatial scale to understand how different areas of the local economy react to such construction projects.
Ex-ante estimates of construction effects often show substantial gains, and thus provide an argument in favour of building infrastructure. In the case of the High-Speed 2 (HS2) train that is projected to connect London to North England (Leeds, Manchester, and the Midlands) by 2026, more than 22,000 jobs could be created directly and indirectly in the five years following ground-breaking [50] . Another example is the planned BBasque Y^high-speed line that aims to create a HSR connection from the Spanish Basque country through the existing Atlantic high-speed corridor to southern Europe (Paris-Bordeaux-Vitoria-Madrid) by 2020. This large construction project is expected to create 100,000 jobs, 40% of which will come from direct effects, 30% from indirect effects, and 30% from induced effects [52] . Finally, a recent study [24] estimates the number of jobs from direct, indirect, and induced sources that could be created in three California counties that are projected to have HSR service by 2020. Depending on the alternatives considered, the project could create 10,000 to 16,000 jobs in the five years of construction, 30% of which should come from direct effects.
Since, however, the results of ex-ante studies are uncertain by definition, it is useful to look at the ex-post study undertaken by Fouqueray [53] , who looks at the construction effects linked to the first construction phase of the SEA HSR line that will link Tours and Bordeaux by 2017. By crossing an input-output model with fieldwork among the businesses and employees involved in the construction, Fouqueray [53] concludes that the project created almost 14,000 jobs, 1.6 billion Euros in production, and 755 million Euros in value added in the 3 regions involved in the construction; the induced effects made up 18-25% of these gains. From these results, Fouqueray [53] finds multipliers that are consistent with previous studies [34, 76, 121] , especially those used in France by RFF [94] : 1.96 for production, 0.91 for value added, and 2.44 for job creation. In other words, each job related to the construction project meant 2.4 jobs for the local economy. Since this information applies to 43% of the project, it would seem that the direct economic impact of HSR construction is significant. This brief review of the construction effects of HSR projects brings up several points. First of all, the direct economic effects are more significant if the area under construction is large, since the propensity to consume locally will be stronger. The economic benefits are also temporary by definition, although some skills that businesses or employees develop during projects can be used in subsequent jobs (see Fouqueray and Manceau Antoniazzi [54] ). 11 It is also important to note that the methods used to estimate the construction effect can also be used to understand the economic impact of the operation and maintenance of HSR lines. On the downside, these large construction projects run by major public-works firms can destabilize local building and public works activities and make permanent structural changes in the affected sectors. However, the anticipated opening of HSR connections can act as a signal for public or private actors to make other investments such as real estate projects near the station or improving public transportation networks and community facilities. In this way, the effects of infrastructure projects are often enhanced by the creation of other jobs and wealth through projects related to the HSR line. Overall, it is essential that all these potential benefits be properly considered since the investments are funded in part by local governments, who need to make a case to voters that their financial resources are being used wisely. By reducing unemployment and providing a cash infusion to the local economy, the construction effect can make HSR projects more politically acceptable. In addition, the officials who are generally prone to communicate about these direct benefits of their decisions may expect positive rewards during the next elections (local and/or national).
Short-term supply-side effects
Even though HSR passengers have to pay more for their tickets, the establishment of this type of infrastructure leads to significant time savings, 12 allowing high-speed trains to compete with air travel for medium or long distances [25] . This reduction in generalized travel costs 13 has an effect on 11 With that respect, one critical issue relates to the local Bgovernance^of the organization created for the HSR construction. As studied by Fouqueray and Manceau Antoniazzi [54] in the case of the SEA project, the mutual trust and continuous relationships linking the local actors (unions, jobs agencies, local governments) to the private company in charge of the HSR building played as a necessary condition for recruiting the relevant workers as well as for securing their workability once the construction phase completed. 12 Some of the time saved is a result of more direct HSR routes. 13 Some authors challenge this decrease in generalized costs related to HSR by using the concept of Beffective social speed^ [40] . Effective social speed takes into account not only commute times but also the work hours necessary to pay for the significant expenses paid by travelers as well as the public subsidies often granted to HSR.
companies, especially those that offer business services (e.g., audit, marketing, R&D), whose employee mobility and thus market area thereby increases. The decrease in generalized costs and the induced increase in business trips are generally taken into consideration as changes in traveler surplus as part of the cost-benefit analysis for the socioeconomic impact studies of a potential HSR line. The wider economic impacts that decision-makers often envision, which are a subject of debate in the academic community, are another matter. Aside from its direct impact on transportation, HSR can improve local business activity by changing the operation of sectors affected by market failures. In order to determine the nature of these effects, it is useful to look at the UK's official recommendations on transport analysis, which initiated close cooperation between researchers and practitioners on this topic [46, 58, 102, 113, 114] . Within a partial equilibrium framework that notably excludes interactions between transportation and choice of location (see section 5), the UK's Transport Analysis Guidance (TAG) [46] recommends first appraising welfare gains linked to lower production costs in sectors with imperfect competition. By reducing the resources firms devote to offering their services, HSR generates consumer benefits that are more than proportional to the increase in time savings. A new HSR connection in fact means increased competition, which means increased local production along with lower retail prices.
14 New transportation options can also change the dynamics of labour market arbitrage in terms of whether an individual will enter the market. By increasing the supply of employment, HSR projects can have locally beneficial effects that can be estimated using changes in public finances (increases in payroll tax payments and decreases in welfare payments). Above all, the main effect of HSR projects on the quality of the local means of production stems from the relationship between accessibility and urban productivity. 15 By reducing the transportation costs between two regions, HSR will change effective economic density, 16 i.e. the density of activities in a geographic area and the neighbouring areas that can be reached within an acceptable commute time (60-90 min).
On the other hand, a great deal of literature in the field of New Urban Economics has shown that there are productive advantages linked to the spatial concentration of activities, otherwise known as economies of agglomeration [37, 49, 84] . Effective density gains are multiplied by an empirical measure of elasticity of productivity with respect to spatial concentration, differentiated, if possible, by economic sector [60] , to determine the wider economic benefits generated by a new HSR connection. 17 This method has allowed for ex-ante estimates of the anticipated economic impacts of the proposed HSR connection to North England, HS2. The results are quite significant since the gains from increased urban productivity could reach 700 million to 1.3 billion pounds every year [61] . These benefits correspond to about 3-4% of the discounted net effects of the project and could help justify the initial investment of 50 billion pounds. Hensher et al. [64] carried out a similar exercise to estimate the wider economic impact of a proposed HSR connection between Sydney and Melbourne. Their calculations provided results of a lesser magnitude since the productivity gains from increased effective density for business travel only added up to $A10 million a year. Finally, SETEC [100] transformed gains in urban accessibility created by the proposed HSR connection Paris-Orleans-Clermont-FerrandLyon (POCL) into local economic performance gains. Every year the new infrastructure could create economic gains of almost 87 million Euros, i.e., 20-25% of the anticipated time savings from the proposed rail connection. Even if they are not sufficient to justify the initial investment of 12.9 billion euros, these benefits are likely to improve the socioeconomic balance of the POCL project.
Ex-post studies of the interactions of increased proximity through HSR and local productivity are more difficult to find [88] . A notable exception is the work of Ahlfeldt and Feddersen [2] on the HSR line that has connected Cologne and Frankfurt since 2001. They observe that six years after the HSR line was installed, the GDP of the regions between the two stations increased 8.5% faster than if the project had not been implemented. From these calculations, they estimate the elasticity of productivity with respect to density to be almost 3.8%, which is consistent with past empirical results [84] .
Even though this approach is practical and provides statistical arguments to complement traditional cost benefit analysis, several studies have criticized it [39, 47, 68] . To the extent that these models attempt to appraise the local economic impact of transportation projects, the lack of sufficient data is one limitation, since data on business and employee productivity is not always available on a fine-grained spatial scale. Above all, the econometric studies from which flow certain key parameters, such as impedance of demand for transport relative to generalized cost or the elasticity of productivity relative to density, can have endogeneity problems due to causal inference, especially reverse causality and omitted variables. 18 In fact, while HSR most likely improves effective density or accessibility in a region, it could be risky to transform the increased economic opportunity into productivity gains [39] . In their study of mid-sized German cities connected to a HSR line for exogenous reasons, Ahlfeldt and Feddersen [2] are quite convincing in this regard. While they establish a causal relation between effective density and local productivity, the authors also show that the intensity of economies of agglomeration declines rapidly with travel time. Moreover, the positive effect of density on local productivity is no longer significant when they add industry mix and employee skills to their regressions, demonstrating the importance of spatial sorting [19, 36] . 19 Aside from these empirical challenges, there are also conceptual and theoretical problems in determining the wider economic effects of HSR on the local means of production. As Kanemoto [68] points out, the British TAG approach tends to ignore the negative impacts on cities outside the HSR network, which creates at least two problems. For one, a Spanish case study showed that instituting HSR lines can mean a relative loss of accessibility for certain areas, mostly due to inferior service on the standard railways [80] . More importantly, the TAG approach has trouble making a clear distinction between the movement and the net creation of wealth, only the latter of which should be counted as a wider economic benefit of an infrastructure project [113] . It is thus easy to overestimate the benefits of HSR for certain areas while ignoring losses for other areas. Finally, it is important to recall that ex-ante estimates of the wider economic impacts of HSR are hypothetical by definition. The use of these estimates by businesses or workers could lead to the implementation of strategies or routines that are difficult to model and are not systematic, since they do not emerge until the medium to long term, which does not fit within a framework of partial equilibrium analysis.
These various arguments 20 thus help in understanding the doubts surrounding empirical measures of productivity gains related to the introduction of HSR. It is also worth noting that in the case of the HS2 project, Graham and Melo's [61] estimates are much lower than those produced by a consulting firm for the British government [71]; this gap was highly publicized and debated in the British media. 21 Certainly it is likely that new transportation infrastructure will have a shortterm influence on the local productive supply, mostly through economies of agglomeration or an increase in competition. However, due to problems in identifying or measuring these indirect effects, their use in official socioeconomic calculations has been uneven. While this practice is now required in England, the German approach to calculating indirect effects is much more qualitative 22 [88] , and perhaps more prudent. Other countries, like France, do not try to appraise these economic effects of HSR and are waiting until there is more unanimity in this field.
Short-term effects on local demand
As well as influencing production, HSR can also change consumption patterns and thus generate wider economic effects through local demand. Davezies [41] shows that export activities, which are subject to economies of agglomeration, have only a secondary role in the revenue of French regions, while the majority of local wealth comes from public transfers (pensions and civil servant salaries) or from expenditures of residents and/or tourists. Through this framework, HSR is a factor in separating the areas where revenues are created from those where they are spent. HSR, in fact, has the same effect as airports on attracting wealth [107] . In terms of economic base analysis (see section 2), tourism and commuting have a similar role to basic activities in that they induce interregional transfers with a short-term multiplier effect.
Before HSR projects are completed, there are strong expectations of positive effects on tourism [10] . The argument is that improved accessibility will increase demand for 18 In the case of reverse causality bias, local productivity would dictate the routes of new transportation infrastructure and not vice versa. Omitted variable bias would arise if a variable that the modeller does not observe simultaneously influences the HSR's supplies and local productivity. If these two phenomena are present, the estimation of the effect of effective density on local productivity will be biased and thus not conducive to correct projections. One other critical issue relates to the costs arisen from an excessive spatial agglomeration. Actually, the estimates of agglomeration economies should ideally account for the nuisances linked to transport congestion, environmental pollution, criminality… As explained by Combes and Lafourcade [37] , most estimates found in the literature rather describe the Bnet^effects because they do not distinguish the positive and the negative outcomes of density. For empirical works on diseconomies of agglomeration, see Graham [59] and Combes et al. [38] . 19 With spatial sorting, variations in productivity are not explained by variations in effective density (affected by HSR) but more by the fact that the most competent workers or the sectors with high value added tend to move into the densest spaces. Bouba-Olga and Grossetti [19] thus show that the apparent surproductivity of the Paris region is clearly reduced once the estimates control for sectoral specializations and jobs' composition. 20 Kanemoto [68] formalizes other limits of the wider economic impacts promoted by TAG, notably the links between the cost of public services and the variety of goods offered. 21 For example: http://www.telegraph.co.uk/news/uknews/road-and-railtransport/10427468/HS2-benefits-essentially-made-up-economists-tell-MPs. html 22 As explained in Ollivier et al. [88] , the German guidelines combine a quantitative analysis of the employment effects (due to the increased division of labor among regions) with a qualitative scoring of projects (depending on their impacts on territories characterized by structural backwardness). transportation and thus spur business and leisure travel [9, 44, 67, 81, 91, 98] , bringing with it higher local revenues and tax receipts. HSR could also stabilize occupancy rates at hotels and reduce seasonal effects in the tourism industry. Such exante beliefs were in force in Kent, UK, where at the end of the 1980s tourism was seen as the main economic opportunity of the launch of the Channel Tunnel [55] . Rietveld et al. [96] also found that Amsterdam's tourism industry would greatly benefit from future Thalys HSR service. In Spain, local businesses anticipated a HSR connection in Lleida to be such a great opportunity for promoting tourism in the Pyrenees that the station was called Lleida-Pirineus [51] in [45] . Chen and Haynes [31] find that in China, provinces with HSR would have 20% more tourist traffic, which would generate 25% more revenues than in provinces without HSR service. HSR is thus thought to enhance a city's competitive edge in tourism and thus create wider economic benefits for the region served.
The results of ex-post analyses, however, are much more mixed. A study carried out by DB International GmbH [42] of pairs of cities with and without HSR service in France, Germany, and Spain shows that it is impossible to generalize trends in occupancy rates in the regions connected to HSR [39] . A SEEDA [99] study of 13 cities in Germany, the Netherlands, the UK, and France shows that Bfew of the cities seem to have experienced a boost in tourism through HSR connections^ [45] . On the other hand, an increase in leisure travel was found in Taiwan [32] , China [116] and Japan, in certain cities with HSR service, while tourism rates declined in cities without HSR service. This heterogeneity in results can be better understood through the model of travel destination choice created by Woodside and Lysonski [119] , which highlights the effects of several interdependent variables, including individual traveler characteristics, territorial marketing (destination awareness), idiosyncratic traveler destination preferences, and situational variables.
Above all, city size seems to play a critical role in the positive dynamics brought about by HSR: tourism growth linked to HSR service is found in major cities, or cities that are quickly and frequently accessible to major cities with famous, well-publicized, and diverse tourist attractions [43] . In Spain and France, Urena et al. [111] emphasize that intermediate cities with HSR service (Lille, Saragosse, and Cordoue) have seen growth in leisure and business travel. Similarly, Todorovich et al. [107] find that in Lleida, tourism grew by 15% annually and business conventions increased by 20%, unlike in Tarragone, where the rail station is distant from the most attractive coastal areas [45] . In France, Bazin et al. [11] find that in some small and mid-sized cities with tourist amenities, despite HSR service through the North, Atlantic, or Eastern European lines, tourism increased only slightly. Positive effects of HSR service can be found for intermediate cities if the regions already offer a Bmarket basket^a llowing for a diversity of tourist activities [11] , along with sufficient high-quality hotel supply [9, 10, 108] .
While the increase in tourism in certain cities cannot be generalized, it is also important to recognize the potential negative effects of HSR. Certain expectations have been disappointed, notably due to a decrease in length of stays. In France, a review of the South-eastern HSR line found that the length of stays in the main urban centers served by this line decreased as the number of day trips increased from 42% to 55% [88] . In Lyon, the arrival of HSR certainly contributed to the arrival of major national trade fairs, but it also resulted in a reduction in the length of stays, from 2.3 to 1.7 days in 1993 [77] . Okabe (cited by [96] ) also shows a reduction in stays of one night or more in Japanese cities with HSR connections [45] . In China, the HSR connection in Hangzhou could have a negative impact on the hotel business since it is now possible to visit the city as a day trip from Shanghai [29] . Even though the number of visitors might increase when a HSR connection is established, this could be offset by the decrease in the length of stays, leading to a decrease in total tourist spending [75] , which shows the contradictory effects of HSR connections on local demand [3] . It should be noted that our review is focused on cities that attract tourists, overlooking the negative consequences to regions experiencing a drain of their population and revenue. 23 While the literature includes numerous case studies on the interactions between HSR and the development of tourism, it is difficult to find studies that have quantified the associated economic effects. Given the statistical problems discussed above and the simplifying aspect of modeling approaches, the results of these studies should be considered with caution, which explains why these studies are not used in government socioeconomic impact studies. Aside from Chen and Haynes's study [31] on China mentioned above, SETEC [100] translates into monetary units the accessibility gains to natural amenities linked to the POCL HSR project. The wider economic effects connected to ecotourism added up to 5-9 million Euros per year, or a 10% gain in economic efficiency created by the growth in productive opportunities. Moreover, Hensher et al. [64] studied projected non-business travel, some of which was related to tourism, for the future HSR connection between Sydney and Melbourne. While the productivity gains due to business travel are modest in comparison to the UK results (see section 3), increases in effective density due to individual mobility could induce a considerable 23 As Davezies [41] explains, the Ile-de-France area is certainly the most productive region in France, even if most of the differential with other French territories is due to sectoral specializations and the presence of highskilled workers (see footnote 19) . Since its residents are highly mobile in terms of non-business travel, which is facilitated by excellent HSR connections, the Ile-de France is now suffering from a local consumption deficit. Despite the substantial flow of foreign tourists to the French capital, this revenue drain has an adverse effect on regional unemployment. increase in economic welfare: approximately $AUS 1 billion. Finally, Koning et al. [70] estimate the propensity to consume locally on a sample of 231 French cities. They conclude that the proportion of revenue spent outside the area depends on the difference in amenities between the cities but increases as travel time decreases. This proportion is higher in cities that specialize in hospitality as opposed to areas that are essentially oriented toward export activities. If the latter have HSR connections, they will experience a major wealth drain with negative multiplier effects.
To complete this picture of the possible short-term effects of HSR on the intensity of local demand, we note that HSR connections could also lead to the development of new ways of life by turning tourists into short-term or part-time residents [79] . As seen in section 3, HSR has the potential to expand the size of labour markets due to daily or possibly weekly commutes for longer distances [114] . This phenomenon would have a similar effect on local demand to that of tourism because both distinguish production from consumption areas. An increase in daily HSR commuters has been observed in Spain, France, and Sweden. There has thus been a substantial increase in the number of commuter trains between, for example, Puertollano and Madrid, with the number of direct trains increasing from 18 in 1992 to 47 in 2005 [89, 110] . Regular trips (once to several times a week) from Lyon or Le Mans to Paris have also increased significantly. Rietveld et al. [96] even refer to Lille as a commuter town for people working in Paris, Brussels, and London. Other studies, however, show the absence of systematic effects; thus generalizing the results remains difficult. For example, in the case of the Atlantic TGV line in France, it is not possible to claim that the total number of daily or weekly commuters has increased; in fact, it seems most likely that weekly commutes have been replaced by daily commutes [69] . These new mobilities have influence on the economy. Income from tourism might then be falling in many destinations despite the increase in visitor arrivals, due to a reduction in the length of stay. Secondly, it is possible to observe knock-on effect due to a more seasonal demand and greater pressure on the tourist area and on the tourist accommodation [6] . Regarding daily commuting, it is well known that workers tend to spend their money near their place of residence. A research from Shields and Deller [101] illustrates that an additional in-commuter increases local retail sales by about $7600 whereas when a household migrates into the region, total sales increase by about $20,200 [101] .
Despite these mixed results, two hallmarks seem to have emerged. One common finding is that commuting is generally more favourable to large cities, since HSR reinforces the economic and demographic urbanization of the region. This infrastructure primarily allows urban populations to spread into the hinterlands-the countryside and small adjacent cities. This effect on commutes depends on the distance: it seems that for trips of 2 h or more, the effects are independent of changes in rail service. On the other hand, introduction of HSR has a primary effect on one-hour connections and secondary effects on 90-min commutes [69] . In Spain, Urena [109] shows an impact on commutes for trips between 45 and 90 min, not taking into account travel to and from the station.
In the end, the extreme diversity of these situations highlights the need to contextualize HSR's effects on local economies, in tourism as well as in other sectors [12] . The mobility created by this new infrastructure reveals other determining factors, specifically the size of the affected area and whether a region is specialized in hospitality, whether temporary or permanent. If they in fact exist, the economic effects of HSR stemming from local demand are far from automatic. It is therefore necessary to analyze them in terms of HSR's entry into specific regions.
Medium-and long-term effects
It has been unanimously recognized that a decrease in transportation costs modifies the spatial distribution of economic activity over the medium to long term [73, 92] . Various studies of the United States in its westward expansion period [7] , the Kingdom of Prussia [66] , and colonial India [48] have shown that in the nineteenth century, railroads led to the concentration of employment and thus population in certain areas, with long-term effects on agglomeration. These economic impacts of railroad service can be explained by a decrease in transportation costs for merchandise. HSR, on the other hand, affects the transportation costs for individuals. Given the steep decline in freight transportation costs over the long term, the resources involved in individual mobility are now one of the factors necessary to understand regional and urban dynamics [57] .
The theoretical contributions of the New Geographic Economics [8, 35, 73] and the empirical tests used for spatial models of computable general equilibria [20] allow these phenomena to be studied by describing the interactions of various markets. These approaches have been used in Japan for exante appraisals of the long-term effects of HSR as part of government socioeconomic impact studies [88] . Among the benefits associated with a given area, such as a densely populated city, are the specific resources necessary for economic activity (specialized labour or varied intermediate goods), intra-or intersectoral externalities, and indivisible equipment. Among the costs associated with this given location are competition in the market for goods, services, labour, and real estate; transportation congestion; and environmental pollution. In the end, firms realize a trade-off between these agglomeration and dispersion forces and they choose the location that maximizes their market potential [35] . Economies of agglomeration and the associated competitive gains in export-oriented firms lead to the home market effect [83] , in which major urban centers have the tendency to host a majority of export activities, to the detriment of outlying areas.
Since transportation costs help shape a company's market potential, new infrastructure can influence its choice of location and encourage it to move to more productive spaces. Hall [63] and Preston and Wall [90] thus posit that the spatial impact of new HSR lines is certainly complex, but they seem to favour the major metropolitan areas, especially downtown areas, to the detriment of the periphery. 24 From a theoretical point of view, however, the new transportation supply does not have a linear effect on spatial distribution and could even work against the interest of the center, depending on the mobility of the factors of production [35, 73, 93] : While a change in transportation costs from high to moderate level leads to a polarization of economic activities in major urban areas, the change from moderate to low costs could allow businesses to move back to the periphery. In fact, companies could thereby avoid excessive competition in the labour and real estate market while being easily accessible to consumers. Households could use a similar logic and choose to live in cities they find more pleasant and where real estate is more affordable 25 while still being able to commute to work using HSR [16] .
However, when these theoretical predictions are studied empirically, often in qualitative studies of varying types [88] , the results are also quite mixed. In Japan, Nakamura and Ueda (1989) (cited in [98] ), show that three of six prefectures with HSR service experienced population growth above the national average in the 1980s, while none of the prefectures without HSR service grew above the national average. Using a longer timeframe, Cervero and Bernick [27] observe that in the 30 years since the Shinkansen was inaugurated, the gaps in employment and population between major cities like Tokyo and Osaka and intermediate cities have not decreased. The economic role of cities like Nagoya and Kyoto and their position in the urban hierarchy has in fact relatively weakened. Finally, Cheng et al. [33] show that 10 years after the launch of various HSR lines in northern Europe, job growth in London, Brussels, Amsterdam, and Cologne was superior to national averages or averages in the hinterlands. These examples point toward a polarization of economic activities in major urban centers that has been exacerbated by HSR. Nevertheless, we cannot conclude whether it is the HSR connection that creates growth or whether it is the anticipated growth in these areas that attracts infrastructure investment. In other words, these ex-post studies do not allow a causal relation to be established between HSR and local growth, especially since HSR lines have often coincided with highway system expansions, particularly in France [70, 74] .
Other empirical studies suggest that HSR connections do not only work in favour of the biggest cities. Ahlfeldt and Feddersen's [2] study on the HSR connection between Frankfurt and Cologne showed that the shock to access on small cities with exogenous connections to the HSR lines because of their location between the two stations created persistent growth in local per capita revenue, with relocation of jobs and population to those areas. Examples in France and Spain also show that dynamic regions located 60-90 min from a major metropolitan area are the most likely to receive HSR service [88] . However, within these regions, since intermediate areas (with 50,000 to 100,000 residents) could potentially attract neighbouring residents, the net effect on the local population could be modest. In addition, certain regions have not seen an increase in employment due to commuting but have seen increased revenue due to the high salaries their residents earn in major urban centers and then spend in their residential area.
The case of the South-eastern TGV line [17] shows that contrary to the initial fears that Parisian firms would inundate Lyon market, business service companies have in fact developed outside of Paris. 26 As Charnoz et al. [28] show, the decrease in communication and transportation costs spurred by HSR allowed multi-office companies (generally headquartered in Paris) to create jobs in regional offices (in Lyon, for example), thus enhancing functional specialization and productivity. 27 For other authors, however, the Southeastern TGV line was not the sole determinant of these relocations but one criterion among others to distinguish between alternatives that would otherwise been similar [88] . In England, the most significant effect of HSR service in South England has been observed in cities close to London, especially urban centers 1 h away from London that benefited from a growth in both population and employment, especially in knowledge-intensive business services [88] . Puga [93] and Chen and Silva [30] similarly argue that the primary effect of HSR is on the location of businesses services and major company headquarters, which benefits a few large cities. On the other hand, the increase in real estate prices in those cities make them less attractive for industry, leading to a move from an economic geography based on sector-level specialization to one based on specialization by function. 24 As seen above, productivity gains due to increased accessibility often work in the favour of denser areas, which encourages firms to invest there [30] and attract workers due to higher salaries [36, 113] . It also seems that growth in tourism (and the potential associated spending) is stronger in downtown areas with varied amenities, creating another cumulative asset for that area. 25 To make a parallel with the indirect benefits of HSR due to increased urban productivity, new infrastructures could also generate negative diseconomies of agglomeration. This would be the case if the improved accessibility of connected cities leads to one excessive rise in land prices. Also, the growth in tourism visits or inverse commuting may exacerbate overcrowding in transport networks or in the public spaces, thus affecting the quality of urban life.
These favourable conclusions for HSR cannot be generalized, however, as they depend on the spatial scale of the analysis, the statistics used, or hindsight. Graham et al. [62] show this in their study of the influence of HSR infrastructure on labour dynamics in Spanish regions. In order to correct for endogeneity problems in their estimates, the authors used the difference in differences technique: This technique, based on medical research methods, examines the treatment effect by randomly assigning a population to either a treatment group or a control group. 28 At the end of the exercise, Graham et al. [62] did not observe any significant difference in the employment growth rate between regions with and without HSR connections, nor were there differences before and after the arrival of these connections. Crozet [39] also observes an absence of correlation between employment growth and the progressive extension of HSR in France. Finally, recent studies show that the effects of new Shinkansen lines are not as beneficial as they were previously [85] and that in fact, Shinkansen may have simply supported existing growth rather than actually inducing it [98] . In the end, these results reinforce the general accepted conclusion that HSR connections in themselves do not guarantee local economic development [88] . At most these connections can be seen as a necessary but insufficient condition [87] , once again highlighting the need to contextualize their effects. The scientific approach of systematic Bstructuring^infrastructures effects is then often criticized, because it forgets the socio-economic characteristics of the areas, but also the influence of the accompanying strategies. National constraints but also resources of the areas have thus an influence: these resources can be specific, resulting from either geographical, natural conditions or specific historical conditions, or from the stakeholders strategies. It means that territorial dynamics do not exist as such, but are the results of stakeholders accompanying strategies.
Taking the context of the effects into account does not, however, solve the problem of causality, since an effect, even if conditional, is still an effect. Other studies [14, 15] find that the influence of transportation cannot be studied without considering the options businesses have selected in their relations with other actors in systems of production. The essential question is how the relation of these actors is structured. The analysis of the mechanisms that contribute to the compatibility of agent behaviour in interactions [117, 118] is based on studies of coordination. In this framework, development is seen as the result of a coordination process more than as a state dependent on factor endowments and exogenous factors. This reduces the inherent bias inherent in terms of effects since infrastructure is considered as one factor among others in the coordination of agent activity. It is thus possible to critically examine the role of infrastructure in terms of the support it provides to actors' movement and coordination in general. The pertinence of public infrastructure projects can hence be seen in the light of coordination mechanisms. Transportation is thus a strategic activity whose terms need to be adapted to the mechanisms of trade and interaction among firms (coordination mechanisms). Complementary qualitative interviews can then be conducted to understand the resources (among which infrastructures) involved in the production process (made of Btransformation activities^and Bcirculation activities^) as well as the coordination mechanisms between actors (beyond the classical ones by the prices or the rules or institutions). Through a correspondence factor analysis, this qualitative material could be useful to build a typology of the Btransformation activities^, to which are associated specific coordination mechanisms and Bcirculation activities^. Interactions between the transformation process and its environment of resources, suppliers, customers and other producers form a system of circulation of goods, information and knowledge. Transportation thus becomes a particular set of techniques of interaction in the space-time grid [22] .
Nevertheless, it should be noted that NGE models point to various challenges that regional development policy must overcome [35, 92, 93] . These models explain why the decline in inequality seen in EU member countries was accompanied by an increase in sub-national inequality. European politicians face the cohesion-competitiveness dilemma: While the goal of investments, particularly in HSR, is to improve EU integration and break the isolation of the periphery, these investments can also reinforce the dominance of major urban centers. Brocker et al. [20] use a CGE model to estimate the impact of a transEuropean transportation network, including various HSR projects. While the periphery experiences increased per capita revenue, it will probably not see a reduction in the gap that separates the periphery from the dominant regions. Puga [93] confirms that if there is little interregional travel and salaries are relatively homogeneous, infrastructure will have either very little impact on poor areas or will aggravate the wealth gap. 29 These ambiguous effects of EU regional policy seem to be confirmed by studies that combine NGE and endogenous growth models [8, 78] . These theoretical analyses conclude that an inequitable spatial distribution of economic activities, exacerbated by a reduction in mobility constraints, could coincide with economic benefits for the country as a whole with positive effects for even peripheral regions given localized technological externalities or knowledge transfer. From this perspective, HSR is not a zero-sum game, but rather a situation in which all regions can see an improvement. As mentioned in section 3, making a clear and quantified distinction between displacement effects and net gains driven by HSR is a theoretical and empirical challenge of a high order that will require substantial future research.
Conclusion
The link between transportation and development is one of the most solidly anchored myths in economic development on any scale. The magnitude of investments in infrastructures and their irreversibility make it crucial to clarify the question of whether this spending in fact contributes to the development of the regions they serve.
This review shows the doubts remaining in evaluating the effects of HSR. The only point most studies agree on is that HSR connections generate induced traffic due to the decreased generalized cost of transportation created by increased access. This effect thus has a preferred position in cost-benefit analyses through changes in users' surplus. The other potential effects of HSR have had a more mixed reception: of course, a ripple effect can be observed among suppliers linked to the construction project. The spread of these effects proceeds through demand and, in varying proportions, salary distribution: the higher the share of earnings linked to HSR buildings consumed on the considered territory, the higher the Keynesian multiplier and positive impacts for local employment. However, these effects are limited in space and time and allow for on the one hand technological and organizational learning by the companies involved and on the other a breakdown of the local building and public-works sector. Outside the construction effects, studies can find both the existence and the absence of effects, whether these are short-term effects on local productivity and the geography of consumption (through tourism or extended stays) or long-term effects on the relocation of businesses and households and ultimately growth patterns.
These results in fact show great variability as effects become conditional upon a set of other factors such as city size, amenities, industry structure, and distance from the urban core. The main difficulty that remains is being able to discern to what extent infrastructure may have affected variations observed in the field, and not the opposite. Also, the continuity in the evaluation process should be granted by authorities, in addition of conducting analyses based on sound empirical methods and detailed local data. For that purpose, socioeconomic appraisals must be realized not only ex ante, but also at the various stages of the project's lifetime, which requires constant efforts for data collection and consolidation. Finally, one must keep in mind that the positive economic effects of HSR, if they exist, should always be contrasted with the corresponding costs, be they linked to the initial investment or to some negative spillovers' effects.
We believe that making progress on these questions requires clarifying which model of development is to be used and what kind of development is the goal of public policy. Identifying potential effects only make sense if we can clearly present the preferred type of development and the mechanisms through which these dynamics should be generated. However, difficulties often arise because development is defined implicitly. The problem is then less the dynamics of the effect and more the absence of a clear definition of the development desired for the region, no matter what the scale. This is not to say that HSR makes no difference in existing dynamics but that it operates within the framework of a process driven by the economic actors. Understanding the rationale of these actors should now guide the support strategies that have proven to be essential.
